Reply  by Clover, Anthony J. et al.
LETTERS TO THE EDITORRegarding “Noninvasive augmentation of microvessel
number in patients with peripheral vascular disease”
We applaud the work of Clover et al1 in the December 2003
issue of the Journal, which shows that localized subcontractile
stimulation can increase microvessel density and tissue perfusion in
patients with peripheral vascular disease, because it brings discus-
sion of this technique into a clinical setting. The authors cite a
number of investigations that demonstrate acceleration of capillary
density and recapillarization in ischemic skeletal muscle after appli-
cation of electrical stimulation. However, they neglect to acknowl-
edge previous work on this topic done on ischemic limb tissue. We
in fact originated this technique in our study of a rabbit hind limb
ischemia model in 2002.2,3
Our previously published investigation demonstrated that
careful electrical stimulation (30 2-V pulses per minute) applied to
ischemic muscle over 30 days after excision of the femoral artery
results in statistically significant improvement in muscle revascular-
ization in tested animals compared with control animals. This was
documented at angiography, and measurement of capillary density
and lower limb-calf blood pressure ratio. For example, capillary
density in the electrically stimulated limb was 283.7  24.5 mm2,
compared with 91.4 20.9 mm2 in control limbs (P .001), and
183.5  32.2 mm2 in healthy muscle (P  .05).
Clover and colleagues conclude that “electrical stimulation
may induce production of a number of factors that could contrib-
ute to augmentation of microvessel number by stimulating new
vessel formation.” In our initial investigation we also supposed that
electrical stimulation promoted both arteriogenesis and angiogen-
esis. However, in our current investigation in a dog model, al-
though we find a 2-fold increase in the number of arteries per
squared area over pre-excision data, this improvement occurs
before electrical stimulation.
In a more recent, as yet unpublished, study in 12 dogs (6
control dogs), angiograms were obtained before femoral artery
excision, immediately after excision, and 1 month after excision
with, electrical stimulation applied continuously at a rate of 30
contractions per minute, 4 hours a day, during the entire month.
We superimposed a template of 36 1-cm2 grids onto angiograms
obtained 4 seconds after injection of contrast medium. We then
were able to count the total number of grid intersections crossed
by contrast-opacified arteries (COAs). The total number of grid
intersections crossed by COAs for the study population was 50 
17 before excision of the artery. Angiograms obtained immediately
after femoral artery excision showed very rapid reopening of pre-
existing collateral vessels. The number of COAs increased to 87
38 for the study population. This was not statistically significant,
but important; the femoral artery and several of its branches were
excised, but the number of arteries per squared area did not
decrease. Angiograms obtained after 1 month of electrical stimu-
lation to ischemic muscle showed no significant improvement in
the number of arteries per squared area from data collected imme-
diately before excision. The number of COAs was 118  37 in
control animals without electrical stimulation, and 145  32 in
animals with electrical stimulation (P  .05 vs control and imme-
diately after excision, but P  .05 before excision). Therefore,
relying on data collection from angiograms obtained before and 1
month after excision leads to a false impression about the positive
influence of electrical stimulation on arterial regeneration. At least
in our dog model, acute excision of the femoral artery and acute
ischemia led to immediate reopening of preliminarily existing (but
not open in the normal physiologic condition) collateral arteries.
We cannot really call this arteriogenesis; rather, it is reopening of
preexisting collateral vessels. At the same time, we did confirm that
electrical stimulation improved angiogenesis, on the basis of calcu-
1260lation of capillary density. Capillary density measured 140  15
capillaries/mm2 before femoral artery excision, and 221  23
capillaries/mm2 after 1 month of electrical stimulation (P  .05).
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Reply
We thank Dr Chekanov and colleagues for their comments on
our work published in theDecember 2003 issue of the Journal.1 As
indicated, there is substantial literature documenting the effects of
contractile electrical stimulation on ischemic muscle capillarization
from a number of groups, including those of Hudlicka et al2 and
Chekanov et al.3 Our study was based on previous work published
by Kanno et al4 in 1999, which demonstrated that subcontractile
electrical stimulation can increase capillary density in an animal
model of limb ischemia. We were interested to determine whether
Kanno’s findings could be translated to peripheral vascular disease.
Our observations of increased capillary density and perfusion in
response to subcontractile electrical stimulation in patients with
peripheral vascular disease suggest that further work in this area is
warranted. In particular, it will be important to conduct larger
studies, define optimized protocols, and determine the mecha-
nisms by which stimulation produces an apparent increase in
capillary density. It will certainly be of interest to compare mech-
anisms involved in response to low-voltage stimulation in patients
with chronic peripheral vascular disease with those in the experi-
mental femoral artery excision model.
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